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+ Reduction of work processes = cost savings

+ Reduces the workload at the antenna site

~ Reduces the complexity and number of configuration tasks [no bit
synch, telemetry frames, or complex decoding schemes to contend
with)

~ Eliminates telemetry data handling (no routine data recording,
l0gging, recall, staging, distribution)

~ Reduces link & error modelling, analysis, ancillary data capture,
logging, reporting, and distribution
+ Reduces the workioad for the flight project team
~ Antenna scheduling and coordination
~ Routine engineering telemetry analysis
~ Spacecraft state management
~ Spacecraft-to-ground coordination functions
~ Status reporting
~ Sequence of events generation




LOJL ISAN AR

WIOM 34mng *

uonepijep AGojouydal pue uoneawajdu 1-sa@ *

uonezLewung eeg fuiIdsuIbul pleogqug -

-

syusuodog 9y #

1135u09 jeuonelddg *




NOMINAL

INTERESTING

IMPORTANT

No Tone

All functions are performing as expected. No need to
downlink engineering telemetry

Establish communication with the ground when convenient
to obtain data relating to an event. Examples: device reset
tue to SEU

Spacecraft needs servicing within a certain time or
spacecraft state could deteriorate or critical data could be

lost. Examples: solid state memory near full, non-critical
hardware failure

Spacecraft emergency. A critical component has failed. The
spacecraft cannot adequately recover. Ground intervention
is required immediately

Beacon moie is not operating, telecom is not earth-pointed.
Or a spacecraft anomaly prohibited tone from being sent

Jay Whyae 7/97
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Fc-f4 Fc-fl Fc Fc+fI Fc+f4

¢

+: Each message is represented by a pair of
tones, centered around a suppressed carrier

" " «: Use of tone pairs reduces the probahility of
. jncorrect detection caused by interference or
Small Deep Space Transponder srequency drift

Small deep space transponder tone generation capahilities:
+: Meets a detection requirement for 8 simuitaneous spacecraft, each with
four tone frequencies (32 possible tones)

+ Frequency range for tones is 900Hz - 10kHz

Jay Wyaw 7197
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Concept

+ Method for replacing hard limits with
adaptive “learned” limits

Major Advantages

More precise episode identification
+ More accurate anomaly detection
+ Trains on Nominal Engineering Data

ELMER: Envelope Learning and
Monitoring using Error Relaxation

\delay:  width
1 N

hi(d.w)

time

high bound for P[t+1]

DS-1implementation

< Can switch hetween ELMER and
traditional limits

< Adaptive limits not linked to
spacecraft fault protection

PI: Dr. Dennis Decoste
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HIGHLY
AUTONOMOUS
SPACECRAFT

REQUIRE FEWER
OPERATIONS STAFF

SELF-MANAGING
EXPLORER

Self-directing
Spacecraft

Seli-Preserving
Spacecraft

Seli-Mobilizing
Spacecraft

Beacon Operations

OBSERVING &
DISCOVERY PRESENCE
ONBOARD

HANDLE MORE
UNCERTAINTIES

COORDINATED
PLATFORMS

Trainahle Ohject
Recognition

Knowledge Discovery

Clese Maneuvering
at Target

WIDESPREAD
PROJECTION OF
HUMAN AWARENESS

ENABLE
NEW SCIENCE

COOPERATING
FLEET

Multiple Interacting
Heterogeneous Assets

Sustained Presence

Science Alerts

Jay Wyate 7197
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Innovation

Manping of spacecraft state to
urgency of ground response

Suite of technigues for onboard
engineering data summarization

Advanced Scheduling software

Automated tone message
handling & reporting

Detection of weak signals with unknown
freq. freq. drift, and phase noise

Rationale

Four levels of urgency map hest
into the ops decision space

Needed for fast response and

solves bandwidth limitations

Supports demand-bhased
scheduling of telemetry tracks

Shortens response time, lowers cost,
and utilizes personnel most effectively

Allows use of small antennas for
beacon lllllllitﬂl’ill!l
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Examp'e Data Key

BattV = Battery Voitage
SEPi = SEP current
ACS1 = ACS rate data

summary Resuits

Monitors ' T+ "L b ; Co" ection T
o . ; 1 Engdata &

& ACS ——(BattV, SEPiT—¥ and . derived da‘a
 FSW ACS") i Processing ;
© Subroutine |

current
Episode ' episodes and!

Subroutine 4 ojated data, \

Current Mission
| — Vission——  Activity
Activity

* Subroutine |

Snapshot Dackem
raw & gt dat
(Every *5 minutes)

Swurmmary Statistics Packe!

of grounc comm.)
Cpisode Packet———

— Users’' Summary Data Packatp

| ? Nammmmny

A

summary
fundiioms &
associated
data.
VR

min(BattV)

max(BattV, SERPi, ACS1)
avg(SEPI)
d'(BattV,ACS1)

'——L—1 i
Tableof data ) a2
|

Mission Mode: MANEUVE
‘Mission Mode: SEP

|

I o

—_—
i Table of
I mission

limits & associating
episode episode with
lengths. relevant data.

Episode
Name
BattV
d'(ACS1)

Relevant Data
BI1.B12, BT
BattV, etc.

Hi Lo

Lint Limit etc.

d"(ACS1)
J'(ACST)
avg(SEPH

Telemetry

Adaptive
Fiter Engine
(Ground S/W)

—Updated summary functiona-#

Updated episode limita—-~

55 40
3 -
50 45

avg(SEPi) max(SEPi), SEF

Activity Change Packet—®

Current

Mission

Activity
(1DC)

IPC Message
SEP_THRUST_ON

EXEC_TURN

Jav Wyatl
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Launch IL) L+100 L+ 200 L +600 L +700 E.DM .
Spacecraft events r T T . ' l o

! SAcal asteroid rehearsal  asteroid c/a comet rehearsal  Mars ¢/acomet ¢f

solar conj.

Mission Milestones A'—CGA ca! A A A AN z A\end orimemission

IPS thrust arc Vorrrrz

!

Beacon Monitor Operations |

. i ,
Eng. Summary Validation i Wamin— Validated
Eng. Summary Available s

Tone System Validation _
A Validated

Tone System Available |
Operational Assessments

BMO in Extended Mission

<

HGA "b/s) = = 34m
= T 7040

Downlink rate predicts
kb/s |

«aa’ HGA to 34-m siation

McRCE. |
AR= =
_HGA 0 70-m station

2= = = = = =

T +z LGA

LGA (kb/s)
10 34-m
60° or less off EP

3/day for 127 days
270-m, 134-m

DSN request
8-hr tracks per week i . 327100 solar goni,, 14

2
<

Geometric events =

solar opposition:
radio sC' ence opply

from Sun (AU)

from Eart
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